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The present ifiventlon relates to the fermuiation of eoEymes, preferabiy 
feed-enzymes, into gmnulates. these (edibfe} grahubtfes can then be u$6c| In 
animal feed. 

Animai feed mpresents one of the largest costs incufred in keeping 
iivestock and other animals. The use of various enzymes in animal e.g. 
livestock, feed has become almost common practice. These enzymes are 
usually produced by culturlng rr.icro-organisrT^s in large scale ferrnenters 

1,5 operated by industrial enzyme producers. At the end of the fermentatio.n the 
resuhJrsg "broth" is usually subjected to a series of fiitration steps to separate the 
biomass (the mfcro-ofganlsms) from the desired enzyme (in solutbn). 
Subsequently the enzyme solution Is concentrated and processed as a liquid 
(often after addition of vanous stabilisers) or to a dry formiilation. 

20 Liquid and dry enzyme formulations are used on a commercial scale by 

the feed industry. Liquid enzyme formulations may be -added to the feed after 
pe[lsting in order to avoid heat inactsvation of the enzyme which would occur 
during the pelleting process. However, the amounts of enzyme in the final feed 
preparations are usually very small which makes it difficult to achieve a 

2S homogeneous distribution of the enzyme In the feed, and liquids are notoriously 
more dIfHciilt to mix evenly Into the feed than dry ingredients; In addition one 
needs speciaiised (expensive) equipnrient to add liquids to the feed after 
pelleting which is not currently available at most feed mills (due to the extra 
cost). 

30 Dry enzyme formulBiior5.s r?!ay be addeo to the feed before pelleting Bud 

therefore are subjected to heat-inactivatiof) during pelleting. Preferred 
manufacturing protocols in the feed industry involve steam pelleting where the 
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feed Is subjected to steam iniectionfs) prior to peiieting, a process caiiad 
conditioning. In tiie subsequent peiieting step the feed is forced through a die 
and the resulting strands are cut into suitable peiiets of variable length. The 
moisture content {mmediately before peiieting is generaiiy between 13% and 
5 16%. During this conditioning process temperature may rise to 0O-96"C, The 
c;omb!ned effect of high moisture ccntenf: and high temperature is detrimental to 
most enzymes. These disadvantages are also encournered irs other types of 
therniomeci-ianicai treatments such as extfusion and expansion. 

In order to overcome these problems, £P-A-Q,257,S96 suggests that 

10 the stability of enzymes in feed processing couid be increased by the 
preparation of an enzyme "premix" where an erizyr-ne-containing solution is 
absorbed onto a grain-based carrier consisting of flour, and the premix is 
subsequently peHeted and dried. However, these fiour-based premixes are not 
suitabie for more gentle methods of processing (of the dough-like premix) into 

IS granulates, such as low-pressure extrusion or high shear granulation, because 
of the giuey character of the flour-based premixes. 

Various enzyme manufectumrs have developed alternative formulation 
methods to improve the stability of dry enzyme products during pelleting and 
storage, 

20 EP-A-0,569,468 refers to a formulation consisting of an enzyme- 

containing granulate that is coated with a high meiting wax or fat alieged to 
ifr^prove resistance to pelletirvg conditions The granulate is prepared by miSxing 
a dry inorganic (e.g. sodium sulphate) carrier with the enzyme solution in a high 
shear granuiator. As a consequence of the fat coating, the dissolution time of 

25 the granulate is long (about one hour). Therefere, the bioavaibility of the 
enzyme to the animal Is decreased. In addition, the granulates have a wide 
particie size distribution. This maizes it difficult to obtain an evenly distributed 
enzyme concentration after coating, since small particles absorb a relatively 
high amount of coating argent as con-spared ic ^arge panicles. EP~A-0. 569.468 

30 further teaches ti-?at any beneficial effect of the coating with re,<5pect to pelleting 
stability is specific for the type of granulate coated, which in this case Is based 
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on a sodium sulphate carrier. However, the absorption capacity of these 
(sodium sulphate) carriers fs much less than that of carrierB such as f\om, which 
Is undesirable if one wishes to produce more concentrated enzyme-containing 
granulates. 

S W097/39116 discloses formulations consisting of a preformed granule 

which Is cspsble of absorbing at least 5% water However, with these 
formulations a satisfactory solubility rate can only be achieved with very 
powerful niixing. Such formulation may therefore t>e effective in the detergent 
area but not in the intestinal tract of the animal. 

10 WO98/54980 discloses enjyme-coniaining granules containing edible 

carbohydrates, of which preferably stansh. Although th©se formulations readily 
dissolve in water and thus ensure a good bioavailablilty, the peileting stabiiity of 
ti-ies8 slarch-based granulates Is less than those obtained with the fat-coated 
granulates described above. 

IS W098./5659S demonstrates that high concentration phytsse 

compositions which are cheaper to produce show an Increase in stabiiity, 
especially during a pelteting process In the preparation of animal feed (pe!lets)< 
However, the pelleting stability of these compositions is aiso still beyond the 
stability obtained with the fat-coated granulates described above, 

20 There is thus stiii a need for stable formuiations of enzymes for use In 

animal feed that are cheap to produce, that combine a satisfactorj' pelleting 
stabiiity with good bioavaiiablifty of the enzyme to the animal, and that have an 
optima! storage stabiil^, 

2S P0scrj|>^Qri,..of lie inv^rif on 

The present invef^tlon provides a process for the preparation of an 

enzyme-containing granulate suitable for use In an ariimal feed, the process 
comprisir^g processing an enzyme, a soild can-ler. optionally additives and water 
in appropriate relative amounts to obtain enzyme-containing granuies, drying 
3 0 the granules, and coating the dried granules with poiyethylene giycoi. 
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The advantages of coating the granule with polyethylene glycol are first 
that this coating provides an efficient protBCtion against the formation of dust. 
Furthermore, the poiyethytene glycoi coating is water-dissolvable. Although the 
dissoiution time of the coated granules is increased as compared to the same 
5 uncoated granules, 11 is stil! much shorter (20 times) than the dissolution time of 
granules coated with a fat-type coatsriU A short dissoiution time significantiy 
isTipfOves the bioavaiiaOihty ot the enzyme to the animal. Finally, a poiyethylene 
giyeol coating does provide a good pelleting stability of XHb gmm\&. 
Surprisingly, the polyethylene coating provides a good protection against steam 

X Q and water, although the coating is water-dissoivabie. 

The polyethylene glycol which is used to coat the granules preferably 
has an iavesage) moiecuiar weight of at least 4,000 Daiton. More preferred are 
polyethylene iyv'::^-: v;<h\ a moiea.iiar weight of 6 000 to 20,000 Daiton because 
the melting temperature of such poiyeihyiene glycols is around SC'C. 

15 The percentages used throughout this specification refer to weight 

percentages and are based on the weight of the final dry gj^nuiate, {end 
product) (unless otbenAfise indicated); 

The polyethylene giyool coating Is preferaibly applied at 1 - 20%, more 
preferably at 5 - 15%, and most preferably at about 8-12% of the weight of the 

20 graniiies. 

In a preferred embodiment of the invention, poiyethylene giyeol is 
dissoived at a concentration of 50% (w/w) in water before it is applied to coat 
the granules. 

Additional coatings may also be applied to the granuiaie to give 
25 additional (e.g. favoured) characteris^cs or properties, like low dust content, 
colour, protec^on of the enzyme from the surrounding environment, different 
enzyme activities in one granulate or a combination thereof. The granuies can 
further be coated vs'ith a fat, wax, poiymer, sait, unguent and/or ointment or a 
coating (e.g. iiquid) containir?g a (second) enzyrne or a combinatio.n thereoi". It 
.iO will be apparent that If desired several layers of (different) coatings can be 
applied. 
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The spiicJ earner to be used to prnj^am liie graniiiate ace«fdifj§ to the 
f:>j'e$e«t inventiCJrt 1^ a powder whidtl cars fee compaeted into a gmntiSe. The solid 
carrier to be used pmfemUy has an average paftfcfe size ranging betv«<fe6rs 5 
and 20 pm, 

5 in a pmferred emfco^lment of the ppeient ifivention, the solid carrier 

essentiaily consfsts of ar; edibie carbonydraie polvrTser, The numerous 
advar>tages of the use of an edibie carbohydrate poiyrner are presented in 
patent appilcation VVO98/54980. 

An edibie carbohydrate polymer is a carbohydrate poiymer which is 

10 allowed to be used as a feed addftive. The edible carbohydrate polymer should 
be chosen so that it is edible by the animat for whom the feed is intended, and 
preferably digestible as wefi. The polymer preferably comprises hexose polymer 
units, more preferably giucose poiyrrser units. Most preferably the carbohydrate 
polymer comprises ti-D-glucopyranose units, amylose (a linear {1-^4! «-D- 

XS glucan polymer) and/or amyiopectin (a branched D-giucan with «"D-(1~*4) and 
a~D-(1~>6) linkages). Starch is the preferred carbohydrate poiymer. Other 
surtable hexc^e-csontalning polymers that can be used instead of, or In addition 
to starch, include a-gfucans, j^-glucans, pec^n {such as proto^pectln). and 
glycogen. Derivatives of these carbohydrate polymers, such as ethers Bndlor 

20 esters thereof, are also ccut-n-clatod GeiatirWsed starch is best avoided and 
thus may not be present. Suitabiy the carbohydrarie polymer is water-insoluble. 

in the examples described herein corn-, potato- and rice-starch is used. 
However, starch obtained from other (e.g. plant, such as vegetable or crop) 
sources such as tapioca, cassava, wheat, mai^e, sago, rye, oat, barley, yam, 

2S sorphum, or arrowroot is equaiiy applicable. Similarly, both native or modified 
(e>9. dextrin) types of starch can be used in the invention. Preferably the 
carbohydrate (e.g. starch) contairss little or no protein, preferabiy less than 5% 
(vvM'), more preferabiy less than 2.% fw/w), most preferably less than 1% (vv/v«'). 
In other embodin^ents of the invention, one or rnore additsonal 

3D ingredtents may be Ineorporated into the granulate, eg, as proGessing aids 
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and/<3r for further improvement of the peHeting stability and/or the storage 
stabifity of the granulate. A number of such additives are discussed below. 

In one embodiment of the invention, the additive comprises a water 
soluble inorganic salt (as suggested in EP-A-0,758,018). Prefe.-abiv, the 
5 granules comprise at least 0.1% of a water soluble Inorganic sail comprL=5ing a 
divaient cation, more preferaDly zinc. Most preferably: the inorganic salt is zirjc- 
sulphate. The end product preferabiy contains from 600 -■ 1 ,500 mg Zn/kg end 
product, more preferably 700 » 1,300 mg 2n/kg end product and most preferabiy 
900 ~ 1,100 mg Zn/kg end product. Divalent cations are preferred because they 

10 provide the best storage and processing stability. Sulphate is preferred as anion 
because it provides the best drying yield. The salts may be ai^deti {e.g. to the 
mixture) in solid form. Alternatively, the salKs) may be dissoived In the water or 
enzyme-containing liquid pnor to mix:ng with tne solid carrier. 

Further improvement of the pelleting stabiiit>' may be obtained by the 

IS incorporation of hydrophobic, gei-forming or slowiy dissolving compounds into 
the formulation. These may be provided by adding at least Q.1%, preferably at 
least 0J% and: more preferably at least 1% of the desired compound (w/w, 
based on tbe weight ; of vi^ater and solid earner ingredients) to the mixture to be 
processed to granules. Suitable substances include derivatised celluloses, such 

20 as HPMC (hydroxy-rr-^ov! f-'ti-yl-celluiose), CMC (carboxy-methyi-ceiiulose), 
I-IEC (hydroxy~ethyi-ceilulo.se), poiyvinyi alcoi^ois (.^VA); and/or edible oils. 
Edible oils, such as soy of! or canofa oii, may be added {e.g, to the mixture to be 
granulated) as a processing aid. 

In still another embodiment of the invention, the formuiatlon comprises 

2S trehalose, Pmferably, trehalose is applied in a concentration of 0.1 - 2.5% {w/w 
end product), more preferabiy tn a concentration of 0.25 - 1%, most preferabiy 
in a GOfscentration of 0.4 ~ 0.5%. 

in the process of the invention the enzyme and water are preferabiy 
provided as an enzyme-containing i preferably aqueous) liquid, such as a 

::*o solution Of a slurry, ti'iat is from, or derived from, a microbial fermerststion 
process. This fermentation process wili usually be one in which the enzyme is 
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produced. The fermentation process may result in a broth which contains the 
micfoonganisms (wiiich produced the desired enzyme) and an aqueous 
solution. This aqueous solution, once separated from the microorganisms {for 
example, by ffitration) can be the en2;yme-containtng aqueous iiquid used in the 
5 invention. Thus in preferred embodiments the enzyme-containing aqueous 
liquid is a filtrate. Usually the enzyme will be in an active fornv Preferably the 
liquid is in a concentrated fomi, such as an uit.ra-filtrate (UF), which may allow 
the production of a gfanylate with a desired activity level. 

The amount of enzyme-containing liquid (and so enzyme) that can be 

10 absorbed onto Uie carrier is usually ilmited by the amount of water that can be 
absorbed. The enaiyme soiution may contain about 25% (w/w) dry maifter. The 
amount of water added to the solid carrier is such that (substantially) ail the 
water in the aqueous liquid is absoft>ed by aH ti^e coniponenis present sn the 
solid carrier. The use of ingher temperatures m order to absorb a greater 

IS amount of enzyme-containing liquid is ah>o contemplated by the present 
invention, and indeed is preferable especiaily when dealing with thermostabis 
enzymes. For these enzymes therefore mmng of the solid earner and liquid (or 
enzyme ar^d water) is perfomied at a temperature above WQ, preferably 
above 40''C and more preferably above 50*0, Alternatively or in addition, the 

20 liquid may be provided at this temperature. In general, non-swelling conditions 
of the solid carrier (at lower temperatures) are preferred to minimise loss arising 
from instability of (heat sensitive) enzymes at higher temperatures. 

The water or enzyme-containsng liquid may comprise one or more 
enzyme{s). Suitable enzyme(s) are feed enzymes to be included In animal feed 

2S (including pet food). The function of tt^ese feed enzymes is often to improve the 
feed conversion rate, e,g. by reducing the viscosity or by reducing the anti- 
nutrltlonai effect of certain feed compounds. Feed enzymes {such as phytase) 
may also be used to reduce the amount of compounds whict? are harmful to the 
environment in the manure. 

30 Ir, a preferred embodiment, granules are prepared according to the 

process of the invention which contain a high concentration of a feed enzyme. 
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The advantages of preparing phytase compositions at a high concentratton was 
already described in W098/5a598. 

Feed efJ2:ymes include: phosphatases, such as phytases {both 3~ 
piiytases and e-phytases) and/or aad pho$ph3ta$es; carbohydra>3es, ftuch as 
5 an-yioiytic enzymes and/or plant celi wall degrading enzymes inci!.id;ng 
celluiases such as j!?~giucanases and/or hemicdiulases such aa xyianases or 
gaiactanases; proteases or ^ptidases such as iysozyme; gaiactosidases, 
pecttnases, esterases, lipases, preferably phospholipases such as the 
mammalian pancreatic phospholipases A2 and glucose oxidase. Preferably, 

IG feed enzymes have a neutral and/or acidic pH optimum. More preferably, the 
feed enzyme at leo'-'.t cf.^i-ir.'riiv;- - -?--?.v'rne ;~e!«cted Uon Uie group ccr.&;sting 
of phytases, xyianases, pncspncnpases and glucose oxidase. Most preferably, 
ihe feed enzy.me at least comprses an enzyme selected from the group 
consisting of phytases and xyianases, 

IS If the erszyme is a phytase, tiien the final granulate may preferably have 

a phytase activity ranging from 4,000 to 20^000 FTU/g, more preferably from 
5.000 to 20,000 FTU/g, most preferabiy from S,000 to 15,000 FTU/g. One 
Phytase Unit (FTU) is tiiereby defined as the amount of enzyme which liberates 
1 mo! inorganic phosphate per mmute from sodium phytate (0,0061 mol/litre) at 

20 37*C arid at a plH of 5.5 under the conditions that phytase activity was 
determined according to lh& procedure "iSL-method 61695" (manual vanadSite 
assay). 

If the enzyme is a xyianase, then the final granulate may preferably 
have a xyianase active ranging from 5,000 to 100,000 EXU/g. more preferably 
25 from 10.000 to 100,000 EXU/g. and most preferably from 15,000 to 100,000 
£XU/g. One Endo-Xylanase Unit (EXU) is thereby defined as the amount of 
enzyme which liberates 4,53 pmol reducing sugars, measured as .xyiose 
equivalents, per rninute under the conditions of the procedure "l3L-method 
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ISL-methods are obtainable on request from OSM, Food Speoiaitles, 
Agri Ingredients, Wateringseweg 1, P.O. Box 1, 2600 MA, Delft, The 
Netherlands, 

In addition to these feed enzymes, the invention Is equally applicable to 
5 rion-enzyfT^atic polypeptides with biological activities, such as arstigenic 
deterrpinarUs to bB used as vaccines and/or poivpepudas engineered to have 
an increased content of ex^sentia! amino acids. The bioiogjcal activity of these 
non-enzymatic polypeptides may be: sensitive to themial inactivatlon. 

A preferred process according to the invef\tior^ comprises the steps of: 
10 a. mixing an aqueous Squid containing the enzyme, a solid carrier 

essentially consisting of an edible carbohydrate polymer and one or more 
additive components selected from the group consisting of a gei-form.ng or 
slowly dissolving compound SL;cfi as poiyvinyi alcohol, a water soluble Inorganic 
salt comprising a divalent cation, and trehalose; 
15 b. mechanically processing the mixture simultaneously with or 

subsequently to the mixing, to obtain a granule; 

c. drying the granule: 

d, coating tbe gj^nule with polyethylene glycol In a fluid bed caater. 

The mechanical processing used In the present invention fcr preparing 
20 and/or g>'aniiiating the mixture of the enzyme, water {e.g. an eazyme-coniain-ng 
liquid), solid carrier and, optionally, additives comprise Known techniques 
frequently used In food, feed and enzyme form.uiatlon processes. This 
mechanical processing for Instance comprises expansion, extrusion, 
spheronisation, pelleting, Hsgh-rsheaF ;igranuiatton, drum granulation, fiutd bed 
25 agglomeration or a combination thereof. These processes are usually 
characterised by an Input of mechanical energy, such as the rotation of a screw 
or a mixing rnechanssm, the pressure of a roiling mechanism of a pelleting 
apparatus, the movement of particles by a rotating bottom piale of a fluid Ded 
aggio.-rerator or ihe movement of trie particles by a gas stream, or a 
30 combination thereof. These processes allow the solid carrier (e.g. in the form of 
a powder) to be mixed with the enzyme and water, for example an ensyme- 
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containing liquid (an aqueous solution or slurry), and subsequently granulated. 
Alternativeiy the solid carrier can be mixed witfi tlie enzyme (e.g. in a powder 
form) to which water, such as a iiquid (or slurry) is then added {which can act as 
granulating liquid). 

s In yet a further embodiment of the invention the granulate (e.g. an 

agglomerate) Is formed by spraying or coating the enzyme-containing iiquid 
onto a carrier, sucii as in a fluid bed agglomarator Hers the resuilmg grarsuies 
can include an agglomerate as can be produced In a fluid bed aggiomerator. 
Preferably the mixing of the enzyme-containing liquid and the solid carrier 

10 additionally comprises isneading of the mixture. This may improve: the plasticity 
of the ftsMure in order to lacilitate granulation. 

If the granuiate Is formed by extrusion this is preferably performed at low 
pressure. This may offer the advantage that the temperature of the roixrure 
being extruded wlii not, or only siightly, increase. Low-pressure extrusion 

15 includes extrusion for example in a Fuji Paudal-type of basket- or dome- 
extruder. 

The granuiss otstafned can be subjected to rounding off (e.g. 
spheronisation), sucii as in a Marumeriser^"^, and/or compaction. The granules 
can be spheronised prior to drymg since this may reduce dust formation in the 

20 finai granulate and/or may facilitate any coatinc o? the granulate 

The granules can then be d.ried. such as in a riuid bed drier or, in case of 
the fluid bed agglomeration, can be immediately dried {in the aggiomerator) to 
obtain (solid dry) granulates, Otfier known methods for drying granules in the 
food, feed or enzyme industry can be used by the skilled person. Suitably the 

25 granulate is flowabie. The drying preferably takes place at a product 
temperature of from 25 to 60'G, preferably from 30 to BO'C. Typically a dried 
granule contair^s about 5-9% moist. 

To apply the polyethylene glycol and optionally other coatingis) onto the 
granulates a number of known methods are avaHal:-ie which include the use of a 

3 0 Ouidised bed, a high shear granulator, a msxer granulator, or a Nauta-type of 
mixer. In a preferred method for application of the polyethylene giycol onto the 
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granulate, the polyethylene giyco! Is sprayed onto a fluidtzed bed of the 
granules to be coated at a temperature exceeding the melting point of the 
polyethylene glycol, e,g, preferably above 60*C, Sobsequerstly the temperature 
of the fluidi;:8d bed Is reduced to allow the polyethyfene glycol coating to 
H> solidl^/.The coatsng step may indude a simultaneous drying step where 
polyethylene glycol d-sso:~ved --n vvater ss applied. 

The coating of the granule may already be started during the drying 
process. Aitematively, coating of the granule may take place subsequent to 
drying. Preferably, drying and coating are perfomied In the same apparatus. 

10 Preferably the granules have a relatively narrow size distribution (e,g. 

they are monodisperse). This can facilitate a homogeneous distnbutlon of the 
enzyme granulate in the feed pellets. The process of the Invention tends to 
produce granulates witli a nar;cw ssze distribuiion. The size distribution of the 
granulate is suitably between 100 |jm and 2,000 pm. preferably between 200 

15 iim and 1,800 pm, more piBferably between 400 pm and 1,600 pm and most 
preferably betweer^ 700 and 1»000 pm. The granules may be of Irregular (btit 
preferably regular) shape, for example approximately spherical, 

II necessary.: an additional step may be Included In the process to further 
narrow the size distribution of the granules, such as sieving. For instance, this 

20 additional sieving step will select granules having a sfee distrlbutipn beNeen 
0,7 and 1 mm. 

The enzyme-containing granulate obtainable by these processes (which 
forms another aspect of the Invention) seeKs to solve or at least mitigate the 
probierns encountered In the prior art. The dissolution time of the granules is 

as very short (a few minutes) and therefore the bioavailability of the enzyme to the 
animal is improved as compared to fat-coated granules. The enzyme 
concentration is higher so ti-.n^ th<-; granule is cheaper to produce and the 
pefleting and storage storomties av^ imc;-oveo Fsnaiiy: the granulate is free of 
any soap, dsfergeiits, bleach or bieaching compour?ds, zeolites, binders and for 

3 0 that reason Is edible and preferably also digestible. 
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The invention thus provides an enzyme-containsng granulate obtainabie 
by the above-mentioned processes and having the folsowmg charactenstics. 
The granulate consists of poiyethyten^ giycol-coated granules containing a feed 
enzyme, a solid carder and, optionally, one or more additives. Preferably, saki 
additives comprise at least one of a gel-forrning or slow dissolving compound 
such as polyvinyl alcohol, a water sol^bie mcrgamc salt and trenafose. 

The granulate of the invention is sultaoia for use in trie preparation of an 
animal feed. In such processes the granulate is mixed wHh feed substances, as 
such, as part of a premix or as precursor to an anlrnai feed. The chamcterlstic^ 

10 of the granulate according to the invention allows its use as a component of a 
mixture which is well suited as an animal feed, especially ^ the mixture is steam 
treated, subsequently pelleted and optionally dried. 

Thus, a furti^er aspect of the present invention relates a Droce.s;-. fc-r 
the preparation of animal teed, or a cren-rx cr precursor to an animal feed, the 

IS process comprising mixsng the granul?^ie orovided by the present ir^venlion with 
one or more animal feed substances or ingredients. 

The present invention also relates to a process for promoting the growth 
of an animal, the process osmprising feeding an animal a diet that comprises 
the granulate pnjvided by the if?vention. Here, the animal diet can include either 

20 the granulate itself, or the granulate preseru ,n a feed. Suitable animals include 
farm animals, such as IsvestocK, pigs and poultr/. 

Another aspect of the Invention thus relates to a oompositson 
comprising the granulate of the irwention, which composition is preferabiy an 
edible feed composition such as an ansmal feed, 

25 StiSI another aspect of the present invention relates to the use of the 

Qf^nulate of the invention in, or as a component of. an animal feed or for use in 
an animal diet. 

Preferred features and charactenstics of one aspect of the invention are 
equally applicable to another mutatis mutandis. 

30 
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The foilowing Examples am prasersted marely to lll«$trate the lnvenior\, 
ancJ are mi inteodedi or to be construed as, besng Smiting. 

5 

Oonciitjonjng ^t^p: 

50 grams granuies are mixed In 10 kg feed of the premi'x of choice and mixed 
10 just before the test with 240 kg of the same recipe, Thts 260 kg mixture is dosed 
in a mixer/condjtioner by a dosing screw, at a spaed of 600 kg/h, where it Is 
heated by direct steam tlil 55 or 80*C. The residence time is about 10-15 

seconds and tfien the hot mixture us pijshed into the pelleting press The peiiets 
which come out of the die are betv,'een 7S and S2X and faii on a cooling beit. 
15 From this fo^ft, sartiples ares taken for the stability measurement 

in a Giatt VB 2$ mixer 3D0Q grams of com starch (C-^gei from Gerestar) was 
mixed with 1380 grams of phytase UitrB-Fiitrate <UF) with a pure en2:yme 

2D conierst of 18,0% After mixing, the mixture was extruded vvith a NiCA E-220 
extruder and spheronised in a Fuji Paudai QJ-400G spheroniser. The obtained 
particles were dried in a Giatt GPCG 1,1 fluid bed dryer (A), ,A second batch (B) 
was made by adding 70 grams of glycerol to 1420 grams of UF, which 
correspond with 27% giycerol to the pure enzyme, ar^d mixed with the starch, A 

25 third batch {C) was made by adding 210 grams of sorbitol to 1490 grams of UF, 
which correspond with 78% sorbitof to the pure enzyme, and mixed with the 
starch. A fourth batch (0) was made by adding 210 grams of inositol to 1400 
grams of UF. which correspond with 78% inositol to the pure enzyme, and 
{Y-ixed with the starcti. The competetive sample is the high speed granulate 

3 0 Phytase Hma^ CT. 
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Table 1 F^esiduai phytase activity in pig feed In % after conditioning / peiteting 

5 at 56/75"C. 



Sample no, mth B^M^ion 


Residuai activity in % 


A standard 


71 


B glycerol 


58 


C sorbitol 


69 


D iftosito! 


73 


Gompetttlve sampte 


70 



Polyols are generaliy known to Increase the stability of proteins. In this Example 
we observed hovs^ever that none of the polyols tested significantiy improved the 
peiieting stabiiity of phytasa. Glycerol ev©n produced a significant decrease in 
10 the peiieting stai^iiity of phytase. 

The pig feed (feed premixl used for pelleting stability consisted of: 
Corn (20.?%), barley (40%). manioc (10%), oat (10%), soy (13%), fish meal 
(3%), wheat middlings (0 84 %}, soy oil (0.5%). limeslone (1.2%;), salt (0.2%) 
12 micro elements (0,06%), methionine (0,05%), choline chloride at 50 % (Q.05%), 
and Calctum pfoplonat® (0.4%), up to a total of 1D0%. 

example Peliettnf;^ stafeHlty of pfa ytase in broiler f^ed 
In the same way as in Example 1 the following samples ynem made with a 
20 phytase UF with a pure enzyme content of 18.4%. The first batch (E) was made 
With 1300 grartis phytase UF in the starch. The second batch (F) was m^Kfe by 
adding 13 grams of xanthan gum to 1310 grams of UF, which correspond with 
5,4% xanthan gum to the pure enzyme, and mixed with the starch. 
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Table 2: Residua! phytase activity in broiler feed in % after oonditioning / 
peiietsng at 8D/S2*C, 



Sampie no. with addition 


Residua! activity in % 


E standard 


21 


F xanthan gum 


20 



s: Again no rmprovement of the peileting stability of phytase was observed, 
the broiisr feed consisted of: 

mmze C50%), pe^s f3 J%J, soybean meal C28%), tapsoca (2.4%), meat meal 

1" (3 5 v'arrn rr'ncrdl p'-^^ni^c ^ !"-!<r -^ton-^ iObV nrono ca!c um- 
phD<;ph >, ^ ! <^^ii^t Mc- s t '■ff^ficr o Utrecht. The Nethedands) 394 
(0 7%\, Mcfv t 303 i1 5 'c), up to a totaf of 100 'o 

^xampjg .9;: E^ijieting gt^b^ltty of phytm m Igroiier feed 

15 In the same way as m Exampie 1 the foliowjng sampies were made with a 
phytase wth a pu ->nzyme content of 17 3% The fsfst batch (G) was made 
With 147C g '"^^ r hyL -^^ Vf m the starch The seco d bafch (H) v^a« nsde bv 
^ocun cans neh^'cs- (v. h\iif m Fl Kas 14oj qr^'n <"r LT- 
which CO espond v**)th 5 9% trehaios>e to t e pure enzyme ano nixed Wtt ^ thfe 

20 stansh. 



Tabie 3; Residual phytase activity In broiler feed In % after eonditionieg / 
peiieting at SO/SS^C. 



iampie no. with addition 


Residual activity In % 


G standard 


36 


H trehalose 


45 


Competetive sampie, high speed 
granuiate 


64 



2S Surprisingly, the addition, of the poiyoi trehalose does improve the pelleting 
stability of the enzyme. 




fn the same way as in Exampte 1 the foliowing samples were made with a 
phytasc UF vMh a pure enzyme content of 18.6%, The first batch (I) was made 
with 1330 grams phytase UF sn tr^.e siaiCh. The second batch (J) was made by 
adding 2? grams of trehalose to 1330 grams of UF, which correspond with 
10.9% trehalose to the pure enxyme, and mixed with the starch. The thsrd batch 
(K) was made by adding 66 grams of trehalose to 1330 grams of UP, which 
correspond with 2&J% trehalose to the pure enzyme, and mixed with the 
starch. The fourth batch (t) was made by adding 13 grams of trehalose, 13 
grams of PVA (51-05 from Dupont) and 13 grams of ZnS0^.7aq to 1330 grams 
of UF, which correspond with 5,3% of the trehalose and the PVA, and 2 8% of 
the dry salt to the pure enzyme, and fr;ixed with the starch. This latter sample 
was coaie^i in a tluid bed coater with 10% PEG 6000 by heating up the 
granulate mixed with the PEG tiil Sa'^G artd cooled down again (M), Similarly, a 
sample of batch (L) was coated with 10% PEG 20,000 (diluted in v^ater 1;2 in 
order to reduee visoss^) by spraying onto the grar^uiate In a fltild bed coater at 
mm, dried and subsequently cooled (N). 
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Table 4; Residua! phytase activity in broiler feed in % after conditfonlng / 
pelleting at 81/80*e. 



Sample no, with addition 


Residual activity in '14 


1 sStandard 


28 


j 2% trehalose 


28 


K 5% trehaiose 


34 


L 1 % ZnS0,-1 % PVA-1 % trehaiose 


4G 


M as L with PEG 6000 coating 


42 


Kl as L with PEG 20<000 coating 


§2 



The highest pelleting stabiiity of the enzyme is obtained with PEG-coated 
5 granules containing trehaiose^ ZnSO^ and PVA. 

£j(m?i9 5: Peiigting gt9i:>fi^..Dlp.i:yyt3^e..jn brojief feed 

Ir5 the sarrie way as in Example 1 the foiiowsng samples \mte made with a 
phytase UF v^'ith a pure enr/me content of 18,0%, The first batch (O) v«'3s 

10 made with 1368 grams of phytase UF with 14 grams of ZnS04,6aq and 14 
grams PVA 5/88 (from ERKOL SA.) , which corresponds to 3.0% of the dsy sait 
and 5.3% of the PVA to the pure enzyme. The second batch (P) was made in a 
simiiar way, but with 14 grams treliaiose extra tn the recipe (S,3% of trehaiose 
to the pure enzyme). Both recipes were coated in a ffuid bed coater (STREA 

IS from NlRO-AEPvOfvlATiC) with 10% PEG 6000, dissoived in the same amount 
of water, resulting in sampies Q and R, The four samples were tested in a 
peiletfng trial 

Table S: Residua! phytase activity in broiler feed in % after conditioning / 
20 peiieting at SO/SOX, 



1 Sample no, with addition 


Residyal activity in % 


i 0 product with ZnSO, and PVA 


32 


i P as 0 with 5.3% :rehaiose 


32 


1 Q as 0 with 10% PEG 6000 coating 


44 


1 R as P With 10% PEG 6000 coaiing 


44 



The poiyethylene giycoi coating significantly improved the peileting stability of 
the sampies. 



Several of the samples prepared in the previous Examples were dissolved In 
buffer and samples were taken at rsgular intervals, I he dissoiution time of the 
5 granules was not or only slightly Increased as a consequence of the PEG 
coating. 



Tafoie 6 Dissolution time expressed as % dissolved after x minutes 



1 Sample 


1 


7 mn 


5 Tin 1 ■^Omif! 


1 5 Tin 
10C 




SO Tlil 


1 L 


100 


100 


98 j 99 


99 


ino 


\ U 


98 


99 








' lo:- 


^ K 


82 


96 








' 99 


j hS gran 


4 


6 


2. \ >t 




2 


S5 



HS gran fs Ptiytase Hoy<^ CT 



Fof the analysis of the shelf-stability of the granules, several samples were 
tasted at 3S*C Jn closed viais. 

15 Table ?■ ShielkViability of different samples. 



SafTiple 


0 weeks 


2 weeks 


4 weeks 


8 weeks 


12 weeks 


16 weeks 


A 


100 


87 


73 


6S 


67 




8 


100 


87 


77 


67 






C 


100 


84 


64 


58 






D 


100 


87 


72 


62 






G 


100 


87 


82 


78 






H 


100 


88 


SO 


76 






1 


100 


87 


78 


75 


70 


69 


J 


100 


86 


78 


77 


69 


""""69 ' 


K 


100 


88 


81 


74 


70 


89 


I 


100 


97 


83 


36 


87 


8v 


M 


100 


94 


93 


92 


90 


90 



The following phytase fomiuiattons and Mono Calcium Phosphate {MCP} were 
added to a standard corn/soy broiler feed at three different doses (75, 150 and 



wo {l!0/470*>« 
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225 FTU/kg) and fed to broiiers during 28 dsys. The broiier feed also contained 
endogenous phytase activity, 

Natuptios® 600Q G, (standard product) 
s Composition; 



* Phytase UF 94.49 kg 
» Trehslose 0,91 kg 

* PolYvinviaicohoi 0.91 kg 

* ZnS04.6H20 0.97 kg 
10 'Starch 200.00 kg 

* Addition of water 7,1 1 kg 
Tata! weight 304.39 kg 
Total weight dried pfociucA 21 5.02 kg 

1 5 * Natuphos€) 5000 G. (PEG coated) 
Compasitian: 

*PhvtaseSD 1154 kg 

' Phytase UF 99.8S kg 

*Treha!ose t.14kg 

20 • Polyvinylalcoho! 1,14 kg 

*ZnS04'6H20 1.14 kg 

« Starch 200.00 kg 

* Addition of water 7, 1 0 kg 
Total weight 305.85 kg 

25 Total weight dried product 228.82 Kg 



Coated with 10% 1/1/2 soitstion PEG6000/PEG20000/H2O 
(Phytase SD; Phytase Spmydned Powder) 

* Phytase Hovo^ CT, (Sompetltar product, fat-coated 

* MOP: positive control groups 

30 

After 28 days the growth of the ars!fr?a!s was deterrriined (Table B). 
Regression analysis was applied to enable comparison of the grov^th per fytase 
formulation (Table 9), whereby the growth was calculated as foiiows; 
Growth ~ irnercept * regression coeWldent * phytase activity (FTU/kg). 

3S 
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Table 8; growth of bmiters after 28 da^s 



Pfodmt 


Activity 






(FTll/kg') 




Oontfol 


82 


1292 


MCP (0,2 q P / kq) 


86 


1469 


t-ACP (0 4 Q P f ka) 


115 


1581 


MCP (0.6 g P / kg) 


116 


1674 


MPHG 518 RE1 


185 


1433 


HPHB 518 RE1 


281 


1456 


NPHSSISREI 


393 


1528 


NPHG518RE2A 


20a 


1452 


NPHG518RE2A 


375 


1475 


NPHG 515 RE2A 


41^ 


1629 


Phytase Novo GT 


182 


1331 


Phytase Novo GT 


274 


1481 


Phytase Novo GT 




14^8 



det$rr7iined phytase activity. 

25 

Table §; 
Intercept: 1302 

Estimate 



30 MCP 

NPHG 618 RE1 {ZnS04} 0,583 100 

NPHG 518 RE2 {ZnS04+PEG) 0.649 1 1 1 

Phytase Novo CT 0.434 74 



35 

It can be conduded that tt^e bioavaiiabiNty of phytase in the formulaliori coaieci 
with polyethylene glycol Is much higher than that of phytase in the fofmulatior. 
eontaintiig a M-coatfng; 
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1 . A process for the preparation of an enzyms-containing grar^uiate stfitable 
for use in an amrral feed, the process comprising processing a feed enzyme, a 

5 solid carrier, wavter, i^nd optionally additives in appropriate amour^ts to obtain 
eruyn-e confasning granules, drying the granules and coating the dried granules 
with polyethyiarse glycol, 

2. A prdcess acGordIng to dmm 1, wf^rein tSie poiyett^ylene giycol has a 
10 moiecular weight ranging from 4.000 to 20,000 Dalton, preferably from 6.000 to 

20,000 Oalton. 

3. A process according io claim 2, wiierein the poiyetfiyiene glycol is 
applied at 1 - 20%, more preferably at 5 - 15% and most preferably at 8 ~ 12% 

15 of the weight of the ^ranales . 

4. A process ^qcofding tp cfafrri 3, wherein the polyethyfene glycoi y|ed to 
coat the granules is first dissolved in water at a csoncentmtiGf\ of 50% (w/w). 

20 5. The process according to any one of claims 1 to 4, wherein the v^Mef 
and enzyme are provided as an enryme-contsining aqueous liquid. 

6. The process according to claim 5, v^fherf in the Squid Is a filtrate from a 
fefmentallon process resulting In production of the enzyme. 

25 

7. The process according to arjy one of pSafhis 1 to 6^ wherein the solid 
caffler essentially consists of an edibfe carbohydrate poly rner:. 

8. The process sccrirding to any one of claims 1 to 7, wherein the additive 
3 0 comprises at least 0,1% of a polyvinyl alcohol. 
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9. JhB process a^rding to any one of claims 1 to 8, wherein the addfive 
cboipriseis at least 0,1% of a watsr soiutste inorganiG salt comprising a divalent 

B 10. The process according to c!airn 9. wherein the inorganic salt ts 
7inc6ult'ai:e, preferabiy such as to have 500 tc 1500 irore preferably 700 to 

I, 300 and most preferably 900 to 1,100 mg Zn/kg end product, 

I I , The process according to any one of claims 1 to 1 0, wherein the additive 
10 comprises at least 0, 1% (w/w) of trenalose. 

12. A process according to any one of ciasms 1 to 11 wherein the ie&d 
enzyme at least comprises an enzyme seiecteci from the group CGiisiSting of 
phytases, xylanases, phospholipases and glucose oxidase, preferably selected 

IS from the group consisting of phytases and xylar>ases, 

13. The process according to claim 12, wherein the granule will have phytase 
activity ranging from 4,000 to 20,000 FTU/g, preferably from 5.000 to 20,000 
Fm^g and more pmferably frorti 5,000 tc 15.000 FTU/g. 

20 

14. The process according to any one of claims 1 to 13, wherein the process 
comprises the steps of : 

(a) mixing an aqueous liquid containing the enzyme with the solid earner, 
and with one or more additives comprising a polyvinyl alcohol a water soluble 

2B inorganic salt comprising a divalent cation, and trehalose; 

(b) mechanically processing the mixture obtained in {a), simutaneousiy with 

or subsequently to the mixing, to obtain granules. 

(c) dfvsng the granules obtained in (b). 

(d) coating ihe granules obtained in (c) with polyethylene glycol in a fluid 
30 bed coater. 
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IS, The process according to claim 14< wherestn the mechanical processing 
csmpiises extnisloh. peHellfig, hlgfcsh#ar g^Rulalosl, expansion, W bed: 
agglomemtldn or a ©orhfelnate thereof. 

S 16, The process according to ciaim 15, wherein the mechanicai processing is 
extrusion performed at low pressure and/or in a basket- or dome- extruder. 



17, The process according to any one of ciaims 14 to 16, v^herein an 
enzyfrie">conta{nini aqueous iiqufd and the soiid oarrier are mixed and the 

10 resultsng mixture is kfieaded befom gfanuiatiort; 

18. The prsDcess accoFdlng: to ^ny drie of dlaims 14 to 17, wherein the 
granules obtained are :spheron!sed prior to dryrn^;. 



i,s 19. The process acpordfhg to any one of Giaitns 1 to 18, wheresir? t)e &m 
distribution of the ^rai^uies ranges frorti 100 to 2,000 \im, preferably from 200 to 
1 ,800 prh, more pmferabfy from 400 to 1,600 Miii and most preferably from 700 
to 1,000 piT?^. 

2S 20. An enzyme-containing granulate coated with polyethylene glycoi 
obtainable by a process accordir^g to any one of claims 1 to 19< 

21 A process for the preparation of an animaf feed, or a premix or precursor 
to an animal feed, the process compdsifsg mbcing: a granulate acoOKling to claim 
as 20 wrth one or more animallieed substances or ingredients, 

22. The process according to dam 2':, whereiri the mixture of feed 
sufostance(s) and granulate is treated with steam, pelietssed and optionaliy 
dried. 

23, A feed composition oomprisini a granulate according to claim 20. 



24. A process for f^rombtirig the growth of an arilrha!, tfie process cpm!:)jismg 
feeding an anim^i a diet tftai eomprises either a graf^ulate acc^ to claim 20 
or a composfen according to oi^lrr? 23. 

25. Use of a gra?w!ate according to claim 20 irt, or as a compoderit of; an 
aninial feed or for ys« in an animai diet. 
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